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157] ABSTRACT

To record motion picture film scenes, for example re-
corded at 24 frames per second, a television recording
medium, such as magnetic tape, in accordance with the
NTSC standard of 30 frames—60 fields—per second, a
sequence of pulses (FIG. 1: graph c) are generated, for

~ example in a motion picture film scanner (3), which

pulses have a frequency which is characteristic for the
scanning repetion frequency at any film frame repetition
rate—for exaple 24 frames per second; a motion picture
film scanner (3) and a video recorder (5) are jointly
controlled by the central process computer and control-
ler to operate the video scanner to scan the film at the
time when a selected frame of the film i1s before the
scanner and, simultaneously and based on a sequence of
generated pulses, controlling recording of the film on
the record medium by the recording apparatus. A trans-
fer switch may be used, connected to a monitor (11), to
selectively display either the scanned scene or the re-

corded scene.

8 Claims, 3 Drawing Sheets

MONITOR
i

il




. S/el | R 7 3
- S/19 T 0 | = X
T Dloawemmos v
3 ~HQIM W GE §/0E ] I o1 (Y
R DL AL A AL

-3AIM we Gg §MT 0 T 1 "t v 7t 1 1 (}
0 s 1 E . 1 0 g A
m S /8" 21 0 1 te s v tetr i 0 Titets y ettt P
3 zpe L §f " s S ; — L (2
«m otanis -az ~ ¢ o 1 € ¢ tt "0 % "t 7+ 4
No OTANIS -A € 2 L 0 6 8 279 s 1 £ 1 1 0 6 8 .9 s vez 1gt!D

U.S. Patent



4,786,979

¢ 914

o)
L= 0301A LYVLS #

o~

D

=

_ (7 12 0z J6r] oL rhp_r.m_ [Gi] hiig_mr_. N_.ﬁuuuuﬁ
L _ws.:_ :_ _HHHHMN:H_WN@_mz;_-Hn- i e (q

o0 . 1yvis § .
X B I — jL —1L_J (o
”MJ _

X

-

rd

US. Patent



Nov. 22, 1988 Sheet 3 of 3 4,786,979

UsS. Patent

E S e 19V44ILNI . 19V4431N

£ 914
o Y« D . 1L
0301 - R T
T
SNLY#YddY 3dVL VIVO RLINIT W1 —
oL JILINGYH 030IA - T
m VIva HIoNT1 ! Gpg | (ddVINIOTIIL) YINNVOS
——1  34VL9ILINOVH _ - W14 3401914
1 4 tl Al { i NOLLOW

b _ g B 9
A L — — — _ !
4ITTI04.LNOI ANV ¥ILNdWOI -
d0LINOK STYNIIS
(353304d TVAINAD NOIL934Y09
40709



4,786,979

1

| METHOD AND SYSTEM FOR
PICTURE-CORRECT TRANSFER OF MOTION

PICTURE FILM SCENES TO MAGNETIC TAPE

REFERENCE TO RELATED PUBLICATION

“SMPTE Journal” November 1981, pp. 1085-1089.

The present invention relates to transfer of scenes
from a motion-picture film to a television record car-
rier, such as a video tape, in which accurate coordina-
tion of film scenes and video recording is obtained in
spite of differences in frame repetition rates.

BACKGROUND

European television transmission standards provide
for twenty-five frames, interlaced, per second. Each
one of the frames is built up of two fields, interlaced
with respect to each other, each one being scanned for
the duration of 1/50 second. Each first field starts with
line 1 of the TV standard scan and terminates for exam-
ple in accordance with the CCIR standard, with line
3124, The CCIR standard provides 625 lines per frame.
Each second field in the system starts with line 3123 and
ends with line 625. Each field of each category is char-
acterized by providing associated synchronizing sig-
nals. The necessary synchronism at any point of the
overall transmission system is thereby insured. To main-
tain this synchronism, it is necessary that the alternating
sequence of the first and second frame is retained, inde-
pendently of the image or scene content.

Motion picture film is customarily recorded with a
standard film speed of 24 images per second. Each
image c:orresponds to a frame on the film. This film
speed is retained also upon reproduction by motion
picture projectors, so that the movement and course of
scenes which were filmed is reproduced with precise
time consistency. If motion picture films are to be repro-
duced on television operating according to the CCIR
standard, or other standards which have 235 frames per
second, it is possible to operate the film scanner slightly
faster, so that the film in the scanner will run at a higher
speed than 24 frames per second. This greatly simplifies
the processing of the film in the scanner and in the
recording instrument. The film speed coupled to the
television system then will be 25 film frames per second.
Each film frame is scanned twice, in order to obtain the
requisite fields, with a different scanning track—to pro-
vide for the interlace; in accordance with some other
apparatus, the film is scanned once and split electroni-
cally into the respective fields. The increased speed of
reproduction, raised by the ratio of 25/24, results in
slightly faster movement of moving events being repro-
duced; the increase is about 4%. In general, this is not
noticeabie to the viewer and is entirely tolerable. In this
system, each television (TV) frame has the content of a
motion picture frame and the transition from one film
scene to a scene, for example from a different source, is
accordingly possible after any one film frame. The asso-
ciated audio cutting presents 235 possibilities per second
for making a cut.

The situation becomes much more complicated when
films, recorded at 24 frames per second, are to be repro-
duced in accordance with the NTSC standard, of 30
frames, that is, 60 fields per second. Increasing the film
speed to 30 frames per second, or decreasing it to 135
frames per second, is not possible since the speed of
movement portrayed, for example, on the film will
become unrealistic. It has been proposed and has been in
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operation for many years to solve the problem by a 3/2
film feed in the film scanner.

In accordance with this prior art proposal, two se-
quential film frames are scanned in such a way that the
first one is scanned three times and the second one 1s
scanned twice. A third film frame is then again scanned
three times and a fourth one twice. Each scanning 1s to
obtain one TV field. The scanning of the first film frame
of the sequence thus starts with the first field, continues
with the second film field, and terminates with the
endof the first field of the next TV frame. The next film
frame is then scanned first with the scanning pattern of
the second field and subsequently with that of the first
field for the following third TV frame. The third film
frame is again scanned three times in accordance with
the TV standard, starting with the second field of the
third TV full frame and terminating with the second
field of the fourth TV full frame. The fourth film frame
is scanned twice for the fifth TV frame. Consequently,
after each four film frames, five TV frames will have
been generated; with these four film frames and five TV
frames, the sequence if terminated. ,

The ratio of four film frames to five TV frames corre-
sponds exactly to the ratio of motion picture film speed
to TV frame repetition rate (24:30). Similar conditions
will result in film repetition rates which are a multiple
or a fraction of standard speed of 24 frames per second.

Apparatus to scan motion picture images and to gen-
erate signals for recording the images on magnetic tape,
in accordance with television standards, 1s usually re-
ferred to as telecine apparatus.

Problems arise due to the changing association be-
tween film frame and television scanned field when
cutting, and particularly when cutting of video tape, 1s
to be carried out. The publication “SMPTE Journal”
November 1981, pp. 1085-1089, describes a system to
generate a cutting list for TV treatment of films by
magnetic tape, and which is concerned with the difficul-
ties discussed above and suggests a solution. The known
system requires transfer of a specific cutting code from
the film scanner to the magnetic tape apparatus and
recording thereof on the magnetic tape. This is a condi-
tion of proper operation. Recording does not comply
with internationally set standardes.

THE INVENTION

It is an object to provide a system and a method
which permits ready association of any motion picture
film scene with respect to a specific TV frame or field
and which is applicable, preferably, to various film
speeds, and not necessarily to a standard film speed of
24 frames per second, although this is the most widely
and preferred application.

Briefly, a sequence of pulses are generated which
have a frequency which is characteristics for the scan-
ning repetition frequency at any film speed frame repeti-
tion rate: a video scanner and a video recorder are then
controlled, in common and jointly, to operate the video
scanner to scan the film at a time when a selected frame
of the film is before the scanner, and, simultaneously
and in relation to the sequence of pulses, controlling the
recording of a field on tape, or other record medium.

The method and system has the advantage that trans-
mission of a special cutting code to characterize the
position of any film frame in relation to the TV scanning
system 1s not needed.
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DRAWINGS

FIG. 1, consisting of a-1, in a series of aligned graphs,
1s a timing diagram to illustrate the relationship between
‘motion picture film speed and TV field and frame rates;

F1G. 2, consisting of a-d, illustrates how a predeter-
mined cut can be carried out upon transfer from film to
magnetic tape; and

FIG. 3 1s a block circuit diagram of a circuit arrange-
ment or system to carry out the method of the present
invention.

DETAILED DESCRIPTION

The temporal relationships between television scan-
ning rates are shown in a system which has 30 TV
frames per second repetition rate in relation to different
motion picture film speeds, when a film image is to be
transferred to a television record medium, for example
magnetic tape. The frequency relations are of a basic
nature. Graph c of FIG. 1 is a pulse sequence specific
for a particular apparatus which has been built.

FIG. 1, graph a, schematically shows the sequence of
vertical frequency (V) pulses which have a repetition
rate of 60 Hz and characterize the beginning of any
field. Graph b shows the correlated 2 V (vertical) fre-
quency pulse sequence in which the puises characterize
the beginning of a frame, and which follow each other
with a frequency of 30 Hz. These frequencies, V and 2

V, may be generated, for example, in a studio, as re-

ferred to in FIG. 1. In view of the above-described
relationships between the TV scanning rate in a 60 Hz
system and a motion picture film speed of 24 frames/-
second, and utilizing a 3/2 film feed, the frames indi-
cated graphically by line b are combined in groups of
five frames each. Each group starts with a frame 8 and
ends with a frame 4. Correspondingly, the fields in line
a of FIG. 1 are combined in groups of tens; each group,
again, starts with a field 0 and ends with a field 9.

Graph ¢ of FIG. 1 illustrates a pulse sequence for a
specific apparatus, for example generated in a control
apparatus—as will appear—in such a manner that the
positive flanks occur simultaneously with the vertical
pulses at the beginning of each full first frame, that is, at
the beginning of each first field of a frame. This pulse
sequence, in the example, will have a frequency of 6 Hz.
The pulse repetition rate corresponds to the motion
picture frame sequences shown in FIG. 1, graphs d and
e, which repeat in the rhythm of ten video fields, as is
clearly shown by the connecting lines in FIG. 1. This
repetition rate is especially characterized by a 6 Hz
signal—FIG. 1, graph c. The 6 Hz signal is generated in
a telecine 3 (FI1G. 3) which conducts the 6 Hz signal to
a central process computer and controller 1. This 6 Hz
signal of the telecine thus provides synchronization or
coupling with the signals shown in graphs d to 1 in FIG.
1.

Graph d shows how reproduction is obtained when a
film, operating at a speed of 48 frames per second
should be reproduced in accordance with a 30 Hz TV
standard, for example the NTSC standard. As can be
readily seen, each fourth film frame is scanned twice.
Consequently, eight film frames will extend over the
same period of time as ten fields of the TV scan.

Graph e 1llustrates the relationship for a standard
motion picture film speed of 24 frames per second. Each
second film frame is scanned three times; the intermedi-
ate film frames are scanned twice. For four film frames,
ten scans will occur. The relationship of 24 film frames:
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60 scans will occur in the TV signal. Similarly, other
film speeds can be handled; graphs f and | are illustrative
of film speeds in which the film scan is non-uniform; the
graphs g, h, i and k, corresponding, respectively, to 30,

- 30 and 6 film frames per second, to not require a ‘‘stut-

ter” or “jerky” film feed since, in these instances, the
frequency of the field (vertical) pulses is divisble by the
film repetition frequency without a remainder.

The temporal relationship between the specific pulse
sequence of the apparatus—graph ¢ of FIG. 1—and the
studio clock frequency, graphs a and b, shows that not

any desired film frame can be recorded on any TV
frame, selected at random; rather, a cut point from the
film, transferred to the recording medium, e.g. a tape, is
dependent on the weighting of association of field with
the film frame as well as on the film speed and on the
format. A selection must be made if reproducible cuts
are to be obtained. The association of any film frame
with a field can be calculated from the remainder of the

division of the film counter by the periodicity or repeti-

tion rate which is determined by the speed and the
format.

scanned film speed,
frames per second

field repetition
rate

48 ;
30 .
24 4
18 | 3
12 2

6 !

The weighting or association of a frame on the re-

~cording medium, e.g. the tape, is derived from the re-

mainder of the division of the time code frame value by
5, since the repetition rate of the film frames, in relation

to the studio clock, 1s 10 TV fields.

EXAMPLE

Determination of a cut-over for film frame 5:37:18, of
a magnetic tape recording apparatus, in which the film
operates at 24 frames per second.

Standard format: Weighting of the film frame (with
reference to the table) 18:4=4, remainder 2. The dia-
gram shows the association of the image in the TV scan
at 3, compare FIG. 1, graph e—24 frames per second,
and graph b—30 frames per second. The cut, thus, is
possible with respect to TV frames having the full
frame number 3, 8, 13, 18, 23, 28 (i.e. 3, 3+5; 34+2X5,
etc.).

Film speed 30 frames per second forms an exception,
since the repetition rate of the film frames and of the TV
screens are identical. Any randomly selected film frame
can be completely recorded by any TV frame, in full,
compare FIG. 1, graphs g and b.

FI1G. 2 illustrates the temporal relationship upon
transfer of a scene from motion film to magnetic tape,
utilizing a numerical example. To obtain a reproducible
constant relationship between the state of a film counter
and the pulse sequence frequencies in accordance with
graph ¢ of FIG. 1, generated in the film scanner or
telecine 3, or apparatus associated therewith, the fol--
lowing is done:

(1) An interface receives a signal which is character-
istic for the pulse sequence frequency of the pulses of
graph ¢ of FIG. 1; in the present example, this is a fre-
quency of 6 Hz. Start commands are generated in syn-
chronism with this signal, provided by a process con-
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troller of the film scanner and to the video magnetic
tape apparatus; in other words, the respective reference
clocks of the film scanner and the magnetic tape appara-

tus are started in synchronism.
(2) The reference clock of the film scanner 1s preset

by the central controller or a central computer with a
value which is divisible by 4 (four) without a remainder.
This clock operates, continuously and constantly, at a
rate of 24 frames per second.

(3) The film scanner receives, as values for a scene 10

recording, that is, at the beginning of the transition of
scanned film to video tape, a value which, at all times,
is divisible by 4 without remainder. In accordance with
the condition selected, the next higher value after the
actual beginning of the scene is always selected. This
feature is compensated again upon control of the video
magnetic tape apparatus, in that the difference between
actual and assumed beginning of the scene is added,
with proper sign, to the reference time. Consequently,
recording of the video magnetic tape apparatus will
occur with the actual beginning of the scene.

EXAMPLE, WITH REFERENCE TO FIG. 2

Graph a of FIG. 2, again, reproduces the pulse se-
quence of graph ¢ of FIG. 1, which characterizes the
association of the film pull-down or feed frequencies
corresponding to the respective film formats. The refer-
ence clock of the film scanner or telecine apparatus 3
(FIG. 3) and of a video magnetic tape recorder S (FIG.
3) are started by the control computer in synchronism
with the 6 Hz signal. The process computer of the film
scanner or telecine apparatus 3 calculates the run-on
time, based on previously entered data, the scene transi-
tion, and the reference time of the instant for start of the
machine. Similarly, the process computer, which is
preferably a microcomputer, for the video magnetic
tape apparatus calculates the starting time instant in
accordance with graph of FIG. 2 based on the values
for the reference time and for the start of recording, as
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well as for the specific run-on or acceleration time of 40

the machine in question. The run-on time 1s known and
entered in form of data into the process microcomputer.
Synchronism with the 6 Hz signal (F1G. 2, graph a) 1s
thus obtained, since all the machine delays are known.
A predetermined number, e.g. 128 (FIG. 2, graph b),
can be entered in the film scanner or telecine 3 by the
reference clock (FIG. 1, graph a), thereby ensuring
synchronism with the 6 Hz signal.

An overall control computer or central computer
stage 1 (FIG. 3), and coordinating data from both the
video film transport mechanism and the magnetic tape
mechanism, then establishes the relationship between
the reference clock of the film scanner—see graph b of
FIG. 2—and of the video magnetic tape recording ap-
paratus—see graph d of FIG. 2. The central computer
element 1 receives data and considers the previously
discussed periodically occurring relationships between
film transport and magnetic tape counter of the video
magnetic tape apparatus. In the present example, the
reference clock of the film scanner is started at a value
of 128, and counts downwardly, that 1s, runs back-
wardly, to a value of 0. The film scanner is started, as
seen in graph c of FIG. 2, to provide for run-on of the
film, under control of the process computer associated
with the film scanner. Starting is done at a time suffi-
ciently early so that several film frames will be properly
recorded on the magnetic tape recorder in the light of
the temporal relationships shown in FIG. 1, to insure
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uniformity and constancy of synchronism. In the pres-
ent example, recording should start with the beginning
of frame number 18. Due to the association of the pulse
sequence, see graph a of FIG. 2, the reference clock
continues to run to frame 20, the assumed beginning of
the scene to be recorded on the tape, that is, the as-
sumed cut-on point. The control computer determines
the difference between frame number 20 and frame
number 18 on the film and reduces the reference period
for the magnetic tape—see graph d of FIG. 2—to the
extent that the clock, which also counts down to value
0, will reach value 0 with frame 18, and, at that point,
causes or controls start of recording from the film on
the tape. This is schematically indicated in F1G. 2 by
the arrow “‘start video” at frame 0 for the magnetic tape
recorder; and starting of running of the film by the
arrow ‘‘start” in graph b.

The apparatus to carry out the method is shown,
schematically, in FIG. 3.

A central process computer and controller 1, which
may be part of a much more substantial apparatus, for
example apparatus for recording film scenes on tape
including color correction and the like, is connected via
a first interface 2 to a motion film scanner 3. The central
process computer and controller 1, further, is connected
via a second interface 4 to the magnetic tape apparatus
5.

A plurality of connection lines 6, and representative
of a group of lines, is provided to apply to the film
scanner or telecine 3 color correction signals which, for
example can be generated by the central process com-
puter and controller 1 in accordance with any well
known and suitable arrangement. Color correction does
not form part of the present invention and is mentioned
only in this connection since the central process com-
puter and controller 1, besides controlling the cut-over
of scenes from film to tape, can have numerous other
control and computing functions. Line 6 and color cor-
rection are, therefore, referred to only for complete-
ness’ sake.

The film scanner 3 is connected by a video line 7 to
the video magnetic tape apparatus 5, to transter video
signals from the scanner 3 to the tape apparatus 5. The
film scanner 3 is, further, connected to a transfer termi-
nal of a transfer switch 9. Video signals from the video
magnetic tape apparatus S are connected via line 10 to a
second transfer terminal of switch 9. Unit 11 is a moni-
tor, to permit supervision of the operation of the system.
Transfer switch 9 is controlled from the central process
computer and controller, as shown by the broken line
9z in FIG. 3. The intended scene transition from film to
magnetic tape can be simulated and the actual transition
can be checked and made visible on the monitor.

A line 12 is provided on which the 6 Hz pulses—see
FIG. 1, graph c, and FIG. 2, graph a—are applied from
the central process computer and controller 1, where
they are generated, to the motion picture film scanner 3.
Line 13 connects digitally coded data from the scanner
3 to the central processor 1; they provide data and
information regarding the state of the film length
counter. Tape length counter signals, generated in the
magnetic tape apparatus 5 can, of course, likewise be
connected to the central portion computer and control-
ler 1 over suitable connection lines, as well known.
Only one such connection line 14, representative
thereof is shown.
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As can be seen from FIG. 3, the central process com-
puter 1 jointly and commonly controls operation of the
telecine 3 and of the tape apparatus 5.

Data regarding run-on time—see discussion in con-
nection with FIG. 2-—can be entered in the central
process computer, for example by suitable settings, or
programming of read-only memories (ROMs) or similar
data storage.

Similar interrelations as described above exist in con-

nection with other television standards than NTSC, e.g.
PAL, at recording motion picture film scenes in this
particular television system with fixed film frame repeti-

tion rates. In the PAL example, the lowest common
denominator is 23 cps for the film frame repetition rate
of 64 and 165 ps.

WIDESCREEN (in German: Breitwand), PAN
EDIT Letterbox are playback-formats of the film scan-
ner FDL60 for the playback of 35 mm-CINEMA-
SCOPE-films.

WIDESCREEN: proportion of picture sides is
1.85:1. The picture is expanded so that there are no
blanked areas above and below the picture.

LETTERBOX: Proportion of picture sides is 2.21:1,
but blanked areas above and below the picture.

PAN EDIT-LETTERBOX: LETTERBOX-format
with two vertical lines to define a picture section which
can be expanded over the whole screen (so-called PAN
SCAN-procedure).

What is claimed is:

1. Method for recording motion picture film frames
representing scenes on television recording tape, utiliz-
ing a telecine forming a motion picture video scanner
(3), a video tape recording apparatus (5) to record video
scenes in accordance with television transmission stan-
dards operating at 60 fields per second, and a central
process computer (1);

comprising

generating a sequence of pulses (FIG. 1: graph ¢) in

the telecine which have a frequency which is char-
acteristic for the scanning repetition frequency at
all occurring motion picture film speeds and which
corresponds to the lowest common denominator of
the frame repetition frequency of the motion pic-
ture film speed and the field repetition frequency of
the video standard, respectively,

transferring said pulses to the central process com-

puter (1); and

Jointly controlling by said process computer (1), the

telecine (3) with respect to the video tape record-
ing apparatus (5) to operate the video scanner (3) to
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scan a selected frame of the film at a time when the

selected frame of the film is before the scanner and,
simultanecusly and based on the generated se-
quence of pulses, controlling recording on the re-
cording tape by the video tape recording apparatus
(5).

2. The method of claim 1, wherein said frequency of
pulses is 6 Hz.

3. System for picture-correct transfer of motion pic-
ture film scenes on a television recording tape in a tele-
vision system operating at 60 fields per sercond com-
prising

a central process computer and common controller

(1);

a telecine forming a motion picture film scanner (3);

a video tape recording apparatus (5);

a machine control interface (2) coupled to the tele-

cine (3) and a second machine control interface (4)
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coupled to the video magnetic tape recording ap-
paratus (9);

means (7) coupling the telecine (3) to the video tape
recording apparatus (5) for transmission of video
signals from the telecine to the video tape record-
Ing apparatus (5);

said telecine generating a sequence of pulses (FIG. 1:
graph ¢) which have a frequency which is charac-
teristic for the scanning repetition frequency at all

occurring film speeds; '-
means (12) for transmitting the generated sequence of
pulses from the telecine to the central process com-

puter and common controller (a); and

connection means from the central process computer
and controller (1) both to the telecine (3) and the
video tape recording apparatus (5), with the re-
spective machine control interface (2) interposed,
to control operation of the telecine (3) to scan the
film at a time when a selected frame of the film is
before a scanner of the telecine and, simuita-
neously, and based on said generated sequence of
pulses, controlling operation of said video tape
recording apparatus (5) to record information on
the recording tape.

4. System according to claim 3, further including a
transfer switch (9) having a common terminal:

a monitor (11) coupled to the common terminal;

circuit means (8, 10) connecting video signals from

the telecine (3) to a first transfer terminal of the
transfer switch (9) and, respectively, from the tele-
cine to a second transfer terminal of the transfer
switch:

and a control connection (92) controlling selective -

operation of the transfer switch from the ceniral
process computer and controller to provide for
display of video frames on the monitor, selectively
and alternaiely, as derived from the telecine or the
video tape recording apparatus (5) to permit moni-
toring simulated and actual scanned signals.

5. The system of claim 3, wherein said sequence of
pulses 1s 6 Hz.

6. Method for the picture-correct transfer of motion
picture film scenes to magnetic tape, utilizing a telecine
(3) and a video tape recorder (5) to record film scenes in
accordance with television {ransmission standards oper-
ating at 60 fields per second,

comprising |

generating a sequence of pulses (FIG. 1: graph ¢) in

the telecine which have a frequency which is char-
acteristic for the scanning repetition frequency at
all occurring film speeds;
transferring the sequence of pulses from the telecine
(3) to a common control means (1); and

controlling, by the common control means (1), the
telecine (3) relative to the video tape recorder (5),
based on said sequence of pulses, in such a way that
the relative position of the film picture selected for
the transfer, as related to the pulse sequence (FIG.
1: graph c) is such that the field calculated based on
said sequence, and on the film, will be recorded on
the magnetic tape in accordance with television
transmission standards.

7. The method of claim 6, wherein the sequence of
pulses has a frequency corresponding to the lowest
common denominator of the frame repetition frequency
of the motion picture film speed and the field repetition
frequency of the video standard, respectively.

8. The method of claim 6, wherein said sequence of
puises 1s 6 Hz.
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